programmed to recognize these patterns and so act as an additional watch-dog for the anesthetist who, because of his other duties, cannot be constantly watching the respiratory record.
What I have said so far depends on spontaneous respiration on the part of the patient and this may not always be desirable. In these circumstances the ECG is used by some workers as an early-warning device.
Although stereotactic surgery has progressed considerably during the past few years, several difficulties remain. Very accurate localization of the tip of the coagulating electrode is not possible on anatomical grounds alone because of the variation in disposition of the thalamic nuclei. Final positioning can only be achieved with the aid of complex monitoring of the electrical patterns arising from the thalamus in the immediate vicinity of the electrode and also by careful recording of the sensory or motor changes as coagulation is taking place. When this procedure is carried out under general anesthesia the depth of narcosis must be very carefully controlled to avoid disturbance of the discharge patterns from the thalamic nuclei (Vourc'h et al. 1962 ).
Since we have acquired apparatus for measuring blood gases we have been impressed by the changes which can occur in the post-operative phase after neurosurgery. It is common to find arterial Po.s of 50 mmHg or less, with a Pco2 of 70-80 mmHg. This is highly important in view of the effect of this biochemical disturbance on the intracranial tension; there is no doubt that much work needs to be done to prevent the vicious circle of cerebral damage, with increasing respiratory insufficiency, depressed bulbar reflexes and pulmonary complications, leading to further cerebral damage from hypoxia and cedema.
To sum up, we have found that the simple type of monitoring which I have outlined, though limited in the information it provides, has been of considerable value both in the control of surgical and anesthetic techniques and in helping us to plan more comprehensive monitoring systems for the future. The return from this could be high in terms of decreased mortality and morbidity.
Dr S A Feldman (Department ofAnasthetics, Westminster Hospital, London)
Monitoring in Anesthesia
Anwsthetists must interest themselves in measuring the quantity of the anesthetic they administer to patients and also the response of the patient to that ansesthetic and to surgery.
Considerable progress has been made towards a quantitative approach to the administration of drugs and fluids; what is lacking is a similar approach to measuring the effects of anesthesia and surgery upon the patient. In the next ten years much time and money will be spent on monitoring apparatus and it is imperative that we decide what information we want from this equipment and how best to obtain it. There is a danger that we may become servants of our monitors. It is now realized that, because it was so easy to measure, we became obsessed by the necessity of maintaining the stability of the blood pressure at the expense of the general management of the patient. The same is becoming true of the pH measurement: these measurements are surrounded by a mystic aura and in this environment it is only too easy to lose sight of the fact that they merely represent the H ion concentration of that part of the circulation at the moment the sample was withdrawn. In many instances unstable gradients of considerable magnitude exist between the H ion concentration of the 2-2 litres of the circulating fluid and the 45 or so litres of the rest of the body fluid. Unless equilibrium has been established, these measurements have no absolute value. This is well demonstrated after a cardiac arrest when repeated sampling of the blood reveals rapid and gross changes in pH. In such circumstances formula suggesting an absolute amount of base that would be required to correct any metabolic acidosis endow these measurements with a significance they do not deserve. Similarly we have become 'ECG watchers'. To try to assess cardiac function from the ECG is like trying to measure respiratory function by monitoring the neural discharge from the respiratory centre.
It is time to start thinking about monitoring from a physiological viewpoint and to decide which measurements are necessary to provide all the information we need. It is my contention that we should monitor those bodily processes that maintain life and the anmsthetic state and can be influenced by anaesthesia and surgery.
In a simple monitoring system the physiological process is measured and the information produces an action by the doctor wkich in its turn influences the physiological process. Unfortunately, few processes are as simple as this. Usually we have to measure two or more aspects of bodily function before we can assess the information and translate it into positive action. The doctor, who is after all the best electronic apparatus available, is fortunately able to integrate information from several sources. Thus, if the patient is found to be cyanosed, further information is sought: Is he ventilating adequately? Is he receiving sufficient oxygen? We subconsciously integrate the findings and act accordingly. We achieve facility with this process of integration as the result of learning and it constitutes what we accept as experience. Thus, monitoring should be an extension of our senses: instead of guessing intuitively as to the nature and extent of any change, we should have rapid, precise and meaningful measurements. If we accept this thesis then we can consider the place of monitors in anmsthesia.
I should like to measure central nervous system activity, the performance of the cardiorespiratory system and myoneural transmission. The conventional separation of the cardiorespiratory system into cardiovascular and respiratory systems disregards their close relationship in the supply of oxygen and metabolic substrates to the tissues, and in the removal of the waste products of metabolism. Wherever possible measurements should be continuous; provided that they are repeatable, we should be willing to sacrifice absolute accuracy for simplicity and speed, especially if the activity being followed is changing rapidly. Also, wherever possible measurement should be direct. Unfortunately, in spite of great advances in technology we are still unable to achieve direct measurement without elaborate and expensive equipment. Nevertheless, we must strive to make these measurements and not be misled into thinking that the ECG and blood pressure tell us all we need to know merely because suitable monitors for these purposes are available and easy to use.
Central Nervous System
Since the advent of the muscle relaxants, antsthetists have ceased to interest themselves in the depth of anzesthesia; yet this is basic to our practice. We ventilate patients with predetermined mixtures of oxygen and nitrous oxide or halothane and oxygen and anticipate in the light of past experience that they will remain asleep. Very rarely the patient has some memory of the operation, indicating too light a plane of anesthesia; it is seldom possible with this regime to have the patient too deep. How much better it would be, however, if we could adjust the concentration of nitrous oxide or narcotic so that it was just sufficient to achieve sleep and prevent harmful evoked responses from the surgery. Some patients must need less narcotic than others, either due to their physical status, the effect of premedication or artificial ventilation, the effect of the dose of hypnotic and muscle relaxant drugs and the nature of the surgery. We should be seeking to titrate the anesthetic against the requirements of that particular patient, using the EEG as an indicator of our arusthetic level. This concept depends upon the interpretation of the EEG planes of anmsthesia. It is many years since Beecher & McDonough (1939) and Faulconer et al. (1949) showed that the EEG activity during anzesthesia could be separated into six stages indicating progressive depths of anmsthesia. Although the depth of anesthesia as indicated by the EEG varies according to the anesthetic used, the relationship generally holds good. Unfortunately, it is the light planes of the nitrous oxide anasthesia that are most difficult to separate.
The other very valuable use of the EEG in anzesthesia is as a warning of cerebral hypoxia. Bellville & Artusio (1955) have shown that the EEG gives evidence of cerebral ischamia well within the time available for corrective action and often before ECG changes have occurred. Why then do we not use this measurement more often? Possibly the answer lies in the equipment available. To obtain multi-channel records from all patients is impracticable and anything less gives inadequate information. However, it is essential that more serious studies are undertaken with this concept in mind.
Cardiorespiratory System
During anesthesia we need to know whether the tissues are being supplied with sufficient blood of adequate oxygen content to meet their metabolic needs. If tissue perfusion or oxygenation are inadequate, we must have information about the activity of the various physiological processes that have been disturbed. These are principally the cardiac output, which may be measured by the Fick principle or by an indicator dilution method, and the oxygen content of the arterial blood. If in addition we measure the oxygen content of the venous blood we have an index of total tissue oxygen uptake. A fall of venous blood oxygen content and an increase in the arteriovenous oxygen difference suggests that either the metabolic demands of the body are increasing or that there has been a fall in tissue perfusion. I should like to suggest that this sort of information might be of the very greatest practical importance and could often be obtained with apparatus that is available. The important physiological measurements are the oxygen content of the arterial blood and the cardiac output; together these give an estimate of the adequacy of oxygenation of the tissues. Each of these three measurements can be affected in a variety of ways by anrsthesia and surgery and the component changes should be followed so that we have as much information as possible if corrective action is necessary. The oxygen content of arterial blood depends on the partial pressure of oxygen to which it is exposed in the lungs and on the htmatocrit. Anemia causes either an increase in cardiac output, or an increase in the arteriovenous oxygen difference. It is therefore important to watch the heematocrit as well as the arterial oxygen tension.
The cardiac output depends upon the venous return, the stroke volume and the heart rate. A fall in cardiac output associated with a high venous pressure will immediately suggest that the primary defect is in the heart itself, but a fall in cardiac output associated with falling venous pressure suggests the need for blood transfusion. Similarly, an increasing cardiac rate without an increase in output would draw attention to a falling stroke volume. These measurements provide the most useful information on which to base blood replacement therapy. It is time we gave up basing the replacement of blood on arterial blood pressure which is influenced by many factors other than the circulating volume. Venous pressure, hemoglobin and cardiac output must be considered. This information should ideally be interpreted with a direct estimation of the available circulating volume, which can now be achieved simply by using indicator dyes or radioactive tracers.
The mixed venous oxygen content can be used to estimate tissue perfusion. Another useful indirect measurement of tissue perfusion, suggested by Ibsen (1966, personal communication) , is the difference in temperature between two parts of the body, e.g. the rectum and the skin of the arm or leg. Assuming that ambient atmospheric temperature remains constant, the wider the gradient the poorer the tissue perfusion, as skin blood flow is disproportionately reduced when the cardiac output is low. By using chlorpromazine to reduce these temperature gradients, Ibsen claims to be able to abolish peripheral vascular shutdown and so to achieve a more adequate fluid replacement.
The adequacy of removal of carbon dioxide from the body can be estimated by monitoring the arterial carbon dioxide tension. This measurement also gives warning of any gross hypoventilation that might be occurring.
Myoneural Transmission
Transmission at the myoneural junction can be monitored simply by stimulating a peripheral nerve and recording the magnitude of the sub-sequent muscular contraction. Zaimis et el. (1958) described a caliper for measuring dorsiflexion of the foot, using a strain gauge, following stimulation of the anterior tibial nerve. Some of the difficulties of this method were described by Dr Ian Verner at a meeting of the Section of Anesthetics of the Royal Society of Medicine on April 5, 1963. A more promising approach would appear to be stimulation of the ulnar nerve and recording the height of the resulting finger twitch.
Quantitative measurement of myoneural transmission allows us to use muscle relaxants in a reasoned fashion instead of in the empirical and extravagant way they are administered at present. We are also in a better position to elucidate the residual paralysis that occasionally accompanies the use of these drugs.
Conclusions
Whenever patient monitoring is undertaken it is essential to consider whether the value of the information derived is commensurate with the inconvenience and discomfort caused to the patient. This consideration makes it impossible to justify monitoring the patient's reaction to anrsthesia and surgery completely with the techniques available at the present time. It is therefore important that we encourage the workers in this field to seek better and simpler ways of following these physiological changes even at the expense of accuracy.
We must keep information furnished by ECG and blood pressure apparatus in perspective. The ECG is merely of use to analyse one of the many possible causes of a falling stroke volume; such a change might equally well be produced by the direct action of the anesthetic on the myocardium, the effect of ionic imbalance, of cold and of acidemia. Certainly the ECG should be monitored if there is any reason to suspect that the surgery or anxsthetic may produce a disorder of cardiac rhythm, just as one should attempt to measure the temperature if a fall in cardiac output was likely to be caused by hypothermia. We must not be trapped into treating the ECG and forgetting about cardiac output. It is perfectly possible to have an adequate cardiac output with an abnormal ECG, and to have circulatory arrest with electrical activity in the heart. It is usually of far greater value to monitor a patient's pulse than to observe the ECG as the presence of a regular pulse of good volume is indicative of a good cardiac output and suggests a good tissue perfusion.
I have an abiding memory of the misuse of monitors when I saw a resident anmsthetizing a patient who was hidden from his view by enormous drapes. The first indication that his anwsthetic tubing had become disconnected was the change in the ECG. However, had he been watching the patient or even feeling the pulse he would have detected the impending disaster some minutes earlier. I would therefore make a strong plea for aneesthetists not to rely on monitoring indirect physiological phenomena without reference to the patient as a whole. We must use monitors as extensions of our own senses, to quantitate and analyse changes in order to allow us to practise anesthesia as a science. In The concepts of patient monitoring are permeating several spheres of medicine and surgery, in particular those clinical situations in which the continuous supervision of the patient is essential. Many ideas, techniques, special units and apparatus are concerned and it is becoming increasingly necessary to clarify some of the issues involved.
Monitoring is obtaining information. The use of the term imposes no restriction on the type and extent of the information which is to be made available: each clinical problem has its own particular requirements and generalizations are of little value. Similarly, requirements differ according to whether one is concerned with routine patient management, with techniques which provide new information or with objective clinical research. In the management of patients with acute myocardial infarction, monitoring may play a large part. Conrideration of recent studies in these patients provides a useful basis on which to discuss some principles of monitoring in general and the problems of monitoring the cardiovascular system in particular. Thomas 1964) . The patient is connected by leads from skin electrodes to an electrocardiograph and the ECG is displayed on a four-channel oscilloscope and may be recorded on a direct writer. It is also fed into the ratemeter alarm system of a Lown cardioverter and into a multichannel tape recorder in a nearby laboratory. This recorder will run continuously for twentyfour hours. Arterial and central venous pressures are measured directly via fine polyethylene catheters introduced percutaneously by the Seldinger method into a brachial artery and medial cubital vein. Between measurements the catheters are filled with heparin 5,000 units/ml and are bound to the patient's forearm by crepe bandage. They cause no distress and do not limit movement of the arm. Pressures are measured by means of Statham P23Gb strain gauges, displayed on the oscilloscope and may be recorded either on the main direct writer or on magnetic tape. Cardiac output is measured by the photoelectric earpiece technique and Coomassie blue dye as indicator. Skin and body temperatures are measured by means of an electric thermometer. Some of the observations made have direct bearing on practical monitoring methods. Currently, heart rate monitoring, using the ECG, is used for warning of cardiac arrhythmias and especially of cardiac arrest. The warning device of the Lown cardioverter is typical of that found in many small monitoring units. It consists of a heart ratemeter which sets off a warning noise when the heart rate goes above or below a preset range. The range may be adjusted according to the circumstances. At first practical problems with electrode movements and false alarms led
